Summary, The stapedius reflex (StR) was studied in humans by impedance audiometry. Ipsilateral and contralateral reflexes, obtained from 48 multiple sclerosis (MS) patients and 26 controls, were analysed. MS patients showed smaller reflex amplitudes, longer onset latencies and higher contralateral reflex thresholds. Using onset latencies, 33% of all MS patients had at least two abnormal ipsi-and/or contralateral StRs. If the diagnosis was MS of the definite type, this figure was 39%. The StR is therefore a useful tool for detecting a subclinical lesion in the brainstem and can contribute to the early diagnosis of MS.
Stapedius reflex
Audiological investigations have been in use for many years in the diagnosis of neurological disorders. The extremely complicated neuronal network involved in the processing of speech is known to be disturbed by relatively small circumscribed lesions in the auditory pathways between the brainstem nuclei and the cortex, with subsequent deterioration of the discrimination of complex sounds rather than elevation of pure-tone auditory thresholds. However, the lack of universal standard schemes for speech audiometric tests and the poor anatomical predictability of brain lesions by subjective psychoacoustic tests (e.g. difference limens) [27] have led to the search for audiological methods which are free of linguistic background and contribute to a better anatomical location of detected disorders. Since the introduction of impedance audiometry in 1960 by Terkildsen and Scott-Nielsen [33] , measures of acoustic middle ear muscle reflexes have become a clinically feasible, non-invasive procedure for many purposes, such as otological diagnosis of middle ear disorders, objective assessment of auditory recruitment and differentiation of cochlear and retrocochlear hearing loss. However, the use of impedance audiometry for neurological diagnosis is less common and there is some controversy regarding the optimal choice of parameters of the stapedius reflex (StR) for diagnostic application. In order to obtain a picture of the sensitivity of this measure and of its clinical utility, three groups of neurological patients with a diagnosis of definite, probable or possible multiple sclerosis (MS) were examined.
The StR consists of at least a 3-neuronal arc [1] connecting hair cells in the cochlea with the stapedius muscle in the midOffprint requests to: H. Mattle, Neurologische Universit~itsklinik, Inselspital, CH-3010 Bern, Switzerland die ear (Fig. 1) . Primary 8th nerve afferents convey information from the periphery to secondary auditory neurons located in the ipsilateral ventral cochlear nucleus (VCN). For the ipsilateral branch of the reflex arc, VCN neurons project either directly into the stapedius motoneurons located in the facial nerve nucleus or indirectly via a neuron in the medial superior olivary nucleus (MSO). VCN neurons also project via the trapezoid body to contralateral MSO neurons, which in turn project to contralateral stapedius motoneurons. Finally, stapedius motoneurons project to the stapedius muscle via the facial nerve. In addition, it has been hypothesized that a pathway involving many more synapses mediates this reflex [1] .
Monaural or binaural stimulation with sound intensities of 70-90 dB hearing level (HL) [17] releases a bilateral contraction of the stapedius muscle and a tilting of the stapes. This action stiffens the chain of middle ear ossicles and the tympanic membrane and increases the resistance against low-frequency sound waves (below 1000 Hz). Noise interference is decreased and speech intelligibility improves, provided that structures of the outer, middle and inner ears are intact. The electromyographic latency time of the StR is about 10 ms [10, 34] Fig.2 for paradigm). A cochlear lesion of the inner hair cells, by noise, or of the outer ones, by kanamycin [2, 3] , causes frequencyspecific alterations of the corresponding ipsilateral or contralateral StR, which, graphically presented, corresponds to a "diagnonal type" of reflex alteration, e.g. a disturbance of the left StR to ipsilateral and the right StR to contralateral ear stimulation. Similarly, lesions of the 8th cranial nerve or in the VCN correspond to the "diagonal type". With brainstem lesions lying close to the midline, both contralateral reflexes are altered ("horizontal type"), and lesions in the efferent part of the reflex arc (MSO, facial nerve and its nucleus) derange the ipsitaterally and contralaterally stimulated StR in the ear of the same side ("vertical type"). Alterations of both contralateral and one ipsilateral StR ("inverted L shape") are caused by large lesions in the lateral pontomedullary region, occasionally crossing the midline. Smaller lesions in this region can alter only one reflex ("unibox type"), and multifocal or very large bilateral brainstem lesions affect all reflexes ("diffuse type"). Deranged reflex action in the middle ear caused by otosclerosis, scars or secretion in the middle ear and unrecordable reflexes due to perforation of the tympanic membrane are not considered here. If unilaterally present, these situations would also give rise to a "vertical type".
Multiple sclerosis is often accompanied by partial or even complete hearing deficits [14, 16, 27, 32] , which may exist although not noticed by the patient [24] . However, such deficits are demonstrated by specific clinical testing. Pure-tone audiomerry usually shows a symmetric or asymmetric loss of 20-40 dB in one or more frequencies [7] . Also, auditory evoked potentials are abnormal in up to 80% of MS patients with clinical signs of brainstem lesions [30] . Therefore, StR anomalies are to be expected and have already been described with MS [6, 9, 22] and brainstem lesions of diverse causes [11] . In a pilot study [15] abnormal contralateral StRs were measured in 10 of 30MS patients. We have again assayed the StRs, but in a larger number of MS patients. This time, however, we measured ipsilateral and contralateral reflexes, using improved impedance audiometry equipment, and quantitatively analysed the reflex threshold, amplitude, and onset and offset latencies, in order to determine if measurements of StR can detect clinically silent lesions in the brainstem which would thus help in the early diagnosis of MS.
Patients and methods
The reflexes were elicited ipsilaterally or contralaterally by a 1000 Hz pure tone or white noise of 1175 ms duration at 0 mm pressure difference across the ear-drum. The tones were administered by headphones or by a probe sealed in the external acoustic meatus. The intensity of the tones was raised in 5-dB steps from below the threshold until discomfort, which was usually 105 or 110 dB HL. The reflex activity of the stapedius muscle was recorded in the same or the contralateral ear as changes of the acoustic impedance by a second probe, which was connected to a commercially available impedance audiometer (Amplaid A 702) and an FM tape-recorder. An average of 3 reflexes per intensity was recorded, and in order to determine the reflex threshold up to 12 reflexes were recorded at the expected threshold intensity. Reflexes were averaged for every intensity off-line by computer analyses (Time Data PDP 11-34), and artefacts were eliminated by visual inspection at the oscilloscope. Figure 3 presents a schematic StR curve with its onset and offset latencies, L1-L4 and L6-L8, and its maximal amplitude, L5, after averaging of usually 3 reflex responses at the same stimulus intensity or up to 12 at reflex threshold. From the resuiting curves of different stimulus intensities (Fig. 4) , latency 1 and the maximal amplitude were determined at the oscilloscope for each patient. These two points were used as reference points, and the computer calculated in a further step the latency times shown in Fig.3 on the digitally stored StR curves. The computer made it possible to magnify the StR curve at the oscilloscope, so that difficulties in determining the point of first deflection from the baseline (L1) existed only in very distorted StR curves or at intensities close to reflex threshold (low signal-to-noise ratio). In these rare cases we could determine L1 only with limited certainty. The results were also plotted in histograms to compare the different groups of patients with normal controls. In order to differentiate between patients and normals, t-tests were performed.
Sixteen men (25-39 years; mean, 30.3 years) and 10 women (11-45 years; mean, 34 years) who had never suffered from a relevant neurological or otological disease, were used as controls. Their clinical neurological and otological examinations and pure-tone audiograms were normal. Forty-eight patients were examined: 30 women (15-52 years; mean, 32.5 years) and 18 men (17-58 years; mean, 33.8 years). Patients with a history of symptoms or clinical signs of an ear disease, hearing loss exceeding 20 dB HL (500-4000 Hz) in the pure-tone audiogram or facial nerve palsy were excluded. Only two patients were on drug therapy affecting the central nervous system (200 mg carbamazepine twice daily each). According to the criteria of McAlpine et al. [26] , the diagnosis of MS was definite in 28 (groups A and B), probable in 10 (groups C and D) and possible in 10 (groups E and F). Of the definite MS patients, 21 had a relapsing and 7 a primary chronic progressive course. Those with relapsing signs had suffered MS for 5.8 years and had had an average 3.33 relapses during this period. The duration of illness of primary chronic patients was between 10 months and 10 years (average, 7.1 years), Patients with symptoms or minimal signs of one definite brainstem lesion were classified as groups A (21 patients), C (7) and E (4), those without symptoms as groups B (7), D (3) or F (3). Dissociation of nystagmus, internuclear ophthalmoplegia, rotatory or vertical spontaneous nystagmus, gaze palsy, double vision because of oculomotor, trochlear or abducent nerve paresis, diminished sensation in trigeminal nerve, diminished corneal reflex and vestibular vertigo or double vision in the history were considered as clinical features of a definite brainstem lesion. Figure 4 shows a grand average of amplitude-normalizedaveraged StRs of the controls at different sound levels. Some typical StR samples obtained from patients are given in Fig. 5 . Figure 6A -C and Tables 1-3 show the results of patients versus controls. In normals, the reflex amplitude grows with rising stimulus intensity, latencies of reflex onset shorten, the steepness of reflex rise increases, and offset latencies become longer. MS patients have longer latency times of reflex onset and smaller amplitudes than normals. Reflex offset, however, is not significantly longer compared to that of controls. Stimulation by white noise, which theoretically excites a wide band of cochlear hair cells, and stimulation by 1000 Hz tones, which excites only a limited group of hair cells, results in similar StRs. As Table 2 shows, the differences of reflex amplitude and onset latencies between controls and MS patients are most distinct 15 dB above reflex threshold or at 105 dB HL stimulus intensity. The reflex threshold of MS patients is significantly higher than in normal controls for contralateral reflexes ( Table 1) .
Results
The reflex threshold differences between controls and MS patients are far smaller than their standard deviations, and this makes it impossible to separate normal subjects and patients. The difference in maximal as well as in mean amplitude is much larger and statistically significant (Tables 1 and 2 ), but here large standard deviations produce a considerable overlap between controls and MS patients and prohibit distinction between normal and pathological. It is only possible to differentiate between normal and abnormal by using abnormal onset latencies (longer than mean plus 2 SD of controls) and by recording ipsilateral and contralateral reflex latencies in diagrams (Fig.2, Table 4 ) according to Jerger and Jerger [18] . Thus normal persons show only empty diagrams or unibox types. Diagonal or vertical types, indicating a lesion of the brainstem or damage to the acoustic or facial nerve, were not to be found in controls and were therefore considered pathological, as were horizontal, L, inverted L and diffuse types. Thus, the diagrams of latencies 1 and/or 3 indicated a brainstem lesion in 33.3% of the 48 MS patients. Most frequent were horizontal or L types. In patients with a definite diagnosis of MS, the diagrams were found to be abnormal in 39.2%, the figure being 30% and 20% in patients with a diagnosis of probable and possible MS respectively. Patients with clinical signs of a brainstem lesion showed abnormal diagrams of latencies 1 and/or 3 in 37.5%, and those without in 25%. If the diagnosis of MS was definite and if there were clinical signs of a brainstem lesion, the probablity of an abnormal StR rose to 42.8%.
Discussion
Our results confirm already known dynamic characteristics of the StR in normal subjects and in persons with retrocochlear lesions [1, 2, 4, 5, 8, 25, 28] . In MS patients, contralateral reflex thresholds are higher, onset latencies longer and amplitudes smaller than in controls. However, a typical reflex shape in MS, e.g. that which occurs in certain middle ear diseases, was not found. Moreover the physiological variation of reflexes is large, and this makes separation of normal and abnormal reflexes by means of reflex threshold and amplitude difficult. Separation is only possible by drawing normal and abnormal (longer than mean plus 2 SD of controls) onset latencies in diagrams after ipsilateral and contralateral stimulation. In normal subjects, at most one latency time after ipsilateral or contralateral stimulation is longer than the mean plus 2 SD. In 39.2% of patients with a definite diagnosis of MS, at least two ipsilateral or contralateral latencies 1 and/or 3 at 105 dB HL stimulus intensity were outside 2 SD. The corresponding value for the whole group of patients was 33.3%. The StR, therefore, is useful in detecting a clinically silent lesion in the brainstem, especially since a derangement of this reflex seldom causes dysacusis. None of our 48 patients complained of hearing difficulties spontaneously or on direct questioning. However, with 39.2% abnormal results from definite MS patients, the StR is far less helpful than visual (Green and Walcoff [12] , 82%; Koshbin and Hallett [20] , 78%; Lehmann and Soukos [21] , 68%; Purves et al. [29] , 91%) or somatosensory evoked potentials (Green and Walcoff [12] , 77%; Koshbin and Hallett [20] , 86%; Purves et al. [29] , 67%). This is not surprising because of the large extent of the visual and somatosensory pathways tested by these methods. The same holds true for the higher yield of abnormal auditory evoked potentials (Green and Walcoff [12] , 68%; Koshbin and Hallett [20] , 50%; Lehmann and Soukos [21] , 40%; Purves et al. [29] , 45%; Robinson and Rudge [30] , 77%) in comparison to the StR. The pathways conveying the StR correspond to auditory pathways generating waves I, II and III only. Compared with our patients, the blink reflex also yields more abnormal results than the StR (Kimura [19] , 66%; Koshbin and Hallett [20] , 41%; Lowitzsch et al. [23] , 60%), although its extent in the brainstem is about the same. The structures mediating the blink reflex are closer to the fourth ventricle than the neurons conveying the StR. Since demyelinating MS plaques have a predilection to the periaqueductal and periventricular regions, this may possibly explain the higher yield of abnormal blink reflexes.
The StR has the advantage of being easily and reproducibly measurable within a short time (5-10 min) . The examination is not invasive and does not depend on the cooperation of the patient. The measurement can be made by an inexpensive impedance audiometer, which most ORL clinics have at their disposal. Abnormal reflex shapes in MS at lower intensities do not become normal with increasing stimulation levels (in contrast to findings in normal subjects). Therefore, averaging is not an essential feature of our method and only limited experience with the interpretation of reflex response shape is required.
Used in a battery of neurophysiological examinations, the StR may help to diagnose clinically suspected MS earlier and more precisely. For example, five of our patients with abnormal StR showed normal visually evoked potentials. The StR may complement, but cannot replace established neurophysiological methods such as visual, auditory or somatosensory evoked potentials. For the audiologist, it is important to know that an abnormal StR can be a sign of multiple sclerosis.
